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By imaging single-shot realizations of an organic polariton quantum fluid, we observe the long-
sought dynamical instability of non-equilibrium condensates. Without fitting any parameters to our
model, we find an excellent agreement between the experimental data and a numerical simulation
of the open-dissipative Gross-Pitaevskii equation, which allows us to draw several important con-
clusions about the physics of the system. We find that the reservoir dynamics are in the strongly
nonadiabatic regime, which renders the complex Ginzburg-Landau description invalid. The observed
transition from stable to unstable fluid can only be explained by taking into account the specific
form of reservoir-mediated instability as well as particle currents induced by the finite extent of the
pump spot.
I. INTRODUCTION
Semiconductor microcavities are one of the most versa-
tile systems for realizing and studying quantum fluids of
light [1]. As a result of the strong coupling between light
and matter modes at resonance, new excitations called
exciton-polaritons are formed. These hybrid quasipar-
ticles are coherent superpositions of the semiconductor
exciton and microcavity photon, which can inherit prop-
erties derived from both fundamental constituents [2–4].
Although their low effective mass has been touted as
an advantage for realizing equilibrium polariton conden-
sates, the driven-dissipative nature of polariton systems–
a result of the short particle lifetime–plays an important
role in the condensation process. Indeed, the vast ma-
jority of experiments are performed in conditions where
the polariton gas is out of equilibrium. Still, this al-
lows for several phenomena related to Bose-Einstein con-
densation to be observed at temperatures much higher
than those required for cold atom systems [5–7], while
also stimulating new questions [8]. In addition to fun-
damental research, the physics of non-equilibrium po-
lariton condensates is attractive for its potential ap-
plications. Polariton condensates are intrinsically low-
threshold sources of coherent light [9, 10] and polariton
devices have been used as interferometers [11] and polari-
ton circuit elements [12–14]. Moreover, nonlinearities due
to strong exciton-mediated interactions give rise to fasci-
nating physical properties such as superfluidity [15, 16],
black hole physics [17] and solitons [18, 19]. Recently,
such nonlinearities have also been demonstrated in or-
ganic semiconductors [20–22], which is attractive for the
realization of room-temperature devices.
Despite these remarkable developments, the physics of
non-resonantly pumped polariton condensates is still not
completely understood. Condensation requires external
optical [5] or electronic [10, 23] pumping, which creates
a reservoir of high-energy electronic excitations. The en-
ergetic relaxation of these excitations due to interaction
with the environment enhanced by bosonic stimulation
can then lead to a macroscopic occupation of the low-
lying polariton ground state. This complicated process
has been modeled theoretically within various approx-
imations [24–29]. A particularly useful description is
based on the phenomenological open-dissipative Gross-
Pitaevskii equation (ODGPE) [30]. Its application is
widespread due to the simplicity of this description, the
limited number of free parameters required and its suc-
cess in reproducing experimental results. We note that a
similar model was also used to describe non-equilibrium
condensates in atom laser systems [31].
Since the introduction of the ODGPE model [30] it
was realized that for certain parameters it predicts a pe-
culiar instability of the condensate due to the interaction
of polaritons with the reservoir of uncondensed excitons.
This dynamical instability is due to the repulsive inter-
action of condensed polaritons with reservoir excitons,
and is excpected to result in phase separation of the two
components. Since to date there was no experimental
evidence of this instability, its physical relevance was un-
clear. Some authors have suggested that the instability is
an artifact that would disappear when energy relaxation
in the condensate was properly accounted for [26, 32, 33].
Many theoretical studies circumvented this problem by
imposing the adiabatic assumption of a fast reservoir re-
sponse, either indirectly by choosing a reservoir lifetime
much shorter than typical lifetime of an exciton, or di-
rectly by using a simplified complex Ginzburg-Landau
(CGLE) description with no separate reservoir degree of
freedom [34, 35]. In this regime, the model becomes in-
stability free [36].
Here, we demonstrate that the reservoir-induced in-
stability is a real phenomenon that can occur in non-
equilibrium polariton condensates. We confirm this
by measuring single-shot realizations of the condensate
emission from an oligofluorene-filled organic microcav-
ity. The results are compared to the predictions of the
2ODGPE model without any parameter fitting. Previous
measurements of first-order spatial correlations in this
system hinted at the possible breakdown of the stable
condensate model [37]. Excellent agreement between ex-
periment and numerical modeling allows us to determine
that the lifetime of the reservoir indeed places the system
in the unstable and strongly nonadiabatic regime, where
the simplified CGLE-like description does not provide a
reliable description of system dynamics. We also demon-
strate that there is a transition from a stable to an unsta-
ble condensate with increasing pump power. This behav-
ior is in opposition with the previously reported stability
criterion obtained for continuous wave pumping [38]. We
explain this seeming contradiction as resulting from a
competition between reservoir-induced instability, finite
condensate lifetime under pulsed excitation, and stabiliz-
ing effect of particle currents. Although the experiment
we describe was performed on an organic microcavity,
the ODGPE model we use to interpret the results holds
equally well for inorganics (neglecting the spin degree of
freedom). We conclude by discussing the relevance of
our findings to the stability and coherence of inorganic
polariton condensates.
II. MODEL
We model the exciton-polariton condensate using the
two-dimensional stochastic ODGPE for the wavefunction
ψ(r, t) coupled to the rate equation for the polariton
reservoir density, nR(r, t) [25, 30]
idψ =
[
−
~
2m∗
∇2 +
gC
~
|ψ|2 +
gR
~
nR+ (1)
+
i
2
(RnR − γC)
]
ψdt+ dW,
∂nR
∂t
=P −
(
γR +R|ψ|
2
)
nR − kbn
2
R, (2)
where P (r, t) is the exciton creation rate due to the
pumping pulse, m∗ is the effective mass of lower po-
laritons, γC and γR are the polariton and exciton dis-
sipation rates, R is the rate of stimulated scattering to
the condensate, gC an gR are the polariton-polariton and
polariton-reservoir interaction coefficients, respectively,
and kb is the bimolecular annihilation rate. The latter is
specific property of organic semiconductors, but it does
not qualitatively affect the calculation results. With the
exception of the pumping and dissipation terms, Eq. 1
is analogous to the Gross-Pitaevskii equation used to de-
scribe atomic condensates, where gC plays the role of a
contact interaction. The quantum noise dW can be ob-
tained within the truncated Wigner approximation [25]
as Gaussian noise with correlations 〈dW (r)dW ∗(r′)〉 =
dt
2(∆x)2 (RnR+γC)δr,r′ and 〈dW (r)dW (r
′)〉 = 0 where ∆x
is the lattice constant of the discretized mesh.
The cavity under consideration is shown schemat-
ically in Fig. 1 and composed of a single thin
FIG. 1. Schematic of the sample, which is composed of an
amorphous oligofluorene film sandwiched between two dielec-
tric Bragg mirrors. A high energy impulsive pump was inci-
dent on the sample at a θ = 50◦ angle. The near-field images,
representatively shown on the right, were obtained by collect-
ing the photoluminescence on a CCD camera.
film of 2,7-bis[9,9-di(4-methylphenyl)-fluoren-2-yl]-9,9-
di(4-methylphenyl)fluorene (TDAF) sandwiched between
two dielectric Bragg mirrors composed 9 pairs of alternat-
ing Ta2O5/SiO2. For each laser shot, a time-integrated
image of the condensate emission was recorded using a
CCD camera (see Methods for details). All of the param-
eters were obtained independently in previous measure-
ments using a different technique, and are summarized
in the Methods Section. In Eq. (2), we assume that the
pump pulse length (τpulse = 250 fs) is short enough that
P (r, t) as a δ(t) function in time. We neglect the effect
of static disorder of the sample. This assumption will be
justified by comparison with experimental data.
III. INSTABILITY OF THE CONDENSATE
As previously reported, the condensate solution is
prone to dynamical instabilities for a certain range of
parameters [30]. The physical origin of this instability
is the repulsive interaction gR between the condensate
and reservoir excitons, which can lead to phase separa-
tion of these two components. For the parameters of our
system, the instability is predicted to occur for all con-
tinuous pump powers below P = (gRγC)/(gCγR)Pth ≈
3000Pth [38]. This greatly exceeds the range of pump
powers accessible here and in any other organic micro-
cavity for typical values γC and γR. Many inorganic mi-
crocavities also fall within the instability regime.
Single-shot real space images of the condensate pho-
toluminescence are shown in Fig. 2(a)-(e) for varying di-
mensions of the Gaussian pump. These were taken at a
pump power P = 2Pth for Fig. 2(a)-(d) and P = 2.5Pth
for Fig. 2(e), where Pth is the condensation threshold.
The corresponding ODGPE calculations for the same
powers, where only the shape of the pump is varied are
shown below in Fig. 2(f)-(j). The agreement is remark-
able given that no parameter fitting was applied. The
experiment and calculation highlight that the instabil-
ity is more pronounced for large spatial pump sizes (or
flat-top, which is not shown). In contrast, the smallest
3FIG. 2. Comparison between the time-integrated experimental (top) and numerical (bottom) polariton field density. The size
of the pump spot decreases from (a), (f) to (e), (j). The instability leads to the creation of polariton domains. The color scale
is normalized to maximum value in each frame separately. Parameters used in numerical simulations are m∗ = 2.1× 10−5me,
R = 1.1×10−2 cm2s−1, γC = (167 fs)
−1, γR=(300 ps)
−1, gC = 10
−6 meV µm2, gR = 1.7×10
−6 meV µm2, kb = 3.3×10
−5cm2s−1
and correspond to the values measured in [22].
FIG. 3. Effect of sample disorder. Normalized standard de-
viation of shot-to-shot local luminescence σ[I(r0)]/〈I(r0)〉 as
measured int the experiment, and predicted by the model in
(a) the unstable regime and (b) in the stable regime with the
addition of static disorder (40 shots in each case). The dis-
order amplitude was chosen to be large enough so that its
presence can induce the creation of polariton domains, simi-
lar as in the experiment, and its correlation length was tuned
to the typical domain size. The error bars are obtained by
averaging over 5 different points on the sample r0.
condensate size is only slightly affected by the instability.
Note that both the experiment and calculation are
time-averaged over the duration of the condensate emis-
sion for each pulse. The exact size and orientation of the
patterns varies randomly from shot to shot both in ex-
periment and simulations, but these remain qualitatively
the same (see Appendix B). This suggests that disorder
does not play an important role in determining the fi-
nal condensate profile. To further verify this assumption
quantitatively, we measured the shot-to-shot variations
of the luminescence intensity from several points on the
sample. The experimental results are compared on Fig. 3
with numerical results in two cases: the unstable regime
of parameters, and the stable regime with the addition
of a static disorder potential V (r). The variation of in-
tensity is in the latter case much lower than observed
experimentally, due to pinning of domains to the poten-
tial minima. This allows to discard the hyphotesis that
domains are created in a stable condensate solely due to
the effect of disorder.
The excellent agreement between the experiment and
theory allows us to draw some important conclusions
about the physics of the system. The parameters of the
model indicate that the dynamics are not only in the
unstable, but also strongly nonadiabatic regime, i.e. the
reservoir nR(r, t) does not quickly follow the changes in
the condensate density |ψ(r, t)|2. The adiabatic regime
is attained only when three independent analytical con-
ditions are fulfilled simultaneously (see Appendix C).
Here, all three conditions are violated. In particular
gRnR ≈ 40(γR + R|ψ|
2), which means that the reaction
time of the reservoir is 40 times slower than the response
time of the condensate due to interactions with the reser-
voir.
The breakdown of the adiabatic approximation sug-
gests that CGLE-like models based on a single equation
cannot reliably describe the dynamics of the system. This
is due to the fact that they do not not incorporate the
reservoir as a separate degree of freedom. We demon-
strate this by numerically modeling the single stochastic
Gross-Pitaevskii equation (SGPE) [33, 39] for the same
parameters. As shown in Fig. 4(a), this model gives a
4(b)(a) g0 < 0 g0 > 0
10 μm
FIG. 4. Results of numerical simulations using the CGLE-
based stochastic Gross-Pitaevskii equation. Parameters cor-
respond to the extra small spot (e) case from Fig. 2 (see text).
poor agreement to the experimental data. The coeffi-
cients of the SGPE equation were determined using the
correspondence formulas derived in [36]. The effective in-
teraction between polaritons turns out to be attractive,
which is due to the reservoir-mediated attraction in the
unstable regime. Nevertheless, the instability does not
give rise to multiple domains, but rather to condensate
collapse with no spatial symmetry breaking. We also
verified that SGPE simulations with an explicit repul-
sive interaction coefficient are not able to reproduce the
experimental patterns, see Fig. 4(b). The details of the
model are given in the Supplementary Information.
IV. TRANSITION FROM STABLE TO
UNSTABLE CONDENSATE
For a large size of the pump spot, we generally ob-
serve the instability independently of the pump pulse
power, see Fig. 2. However, in the case of a small size
(eg. Fig. 2(e,j), a transition from a stable to an unstable
condensate is seen with increasing pump power (see Sup-
plementary Fig. 1). When the power of the pump pulse
is less than about 1.8Pth, a single condensate is formed,
while for pump powers above this value, the instability
results in appearance of two or more domains. Note that
this stable region is precisely where first-order spatial co-
herence measurements were previously reported. Stabil-
ity is a necessity due the extraction procedure, which re-
quires fitting several interferograms as a function of phase
delay. Any shot-to-shot fluctuations consequently lead
to an artificial reduction of the fringe visibility. Finally,
via numerical simulations, we observe that the transition
from stable to unstable is not abrupt and that there is
some shot-to-shot variation along the boundary.
The observed power dependence is in contradiction
with the previously predicted transition from an unstable
to a stable condensate with increasing continuous wave
pumping [38, 40]. To understand this effect we developed
a theoretical model of condensation dynamics under im-
pulsive excitation. The main elements that determine
the stability of the condensate are the unstable dynamical
Bogoliubov spectrum the condensate, the density current
of polaritons flowing away from the center of the pumping
spot, and the finite lifetime of the condensate. The com-
petition of these processes can explain the existence of
stable or unstable condensate for various pumping con-
ditions, and allows for the calculation of the transition
region.
The evolution of the system can be divided into sev-
eral stages shown in Fig. 5(a)-(c). At the arrival of the
ultrashort pulse, the reservoir density is fixed according
to the Gaussian profile of the pump, while the wavefunc-
tion ψ contains only random fluctuations inherited from
the Wigner noise. Due to the finite size of the pump
spot, a polariton current from the center of the pump
spot is created by the reservoir-induced potential. This
favors the formation of a single condensate, as the most
central fluctuation “spills over” and repels the other do-
mains outside. However, for large pumping powers a sin-
gle condensate is not formed, and the system evolves to a
fragmented state, while some flow of polaritons from the
center is still visible. We attribute this effect to the exis-
tence of unstable Bogoliubov modes which break up the
condensate. These unstable modes are always present,
but for low pumping powers the instability is too weak
to develop during the lifetime of the condensate. The
condensate lifetime is understood here as the FWHM du-
ration of the emission from the condensate, see Fig. 5.
To quantify this, we have calculated the Bogoliubov
instability timescale in the local-density approximation,
i.e. neglecting the spatial inhomogeneity of the pump.
We find that in the case of a pulsed pump, the dynam-
ical Bogoliubov spectrum can be qualitatively different
from the one in the case of continuous pumping, which
was considered in previous reports [30, 38, 41, 42], due
to the absence of the pumping term after the arrival of
the pulse (see Methods for details). For our parameters,
the imaginary part of the unstable Bogoliubov branch
frequency is shown in Fig. 5(iii) and is inversely related
to the instability timescale.
A comparison between the Bogoliubov instability
timescale and the condensate lifetime is shown in Fig. 6.
We find that the Bogoliubov timescale τB is longer than
the condensate lifetime τC for n0/nth . 1.8, where n0
is the maximum of nR(r, t = 0) and nth is the thresh-
old value of n0 for condensate formation, see Fig. 6.
Above this value these timescales become comparable.
This is in very good agreement with the observed thresh-
old for domain formation, see Supplementary Figure 1.
The similarity between the timescales τB and τC above
n0/nth ≈ 1.8 is explained by the similar magnitude of
all nonlinear coefficients (~R, gC , and gR) in Eq. (1). At
high pump powers, the maximum density of the conden-
sate |ψ|2 becomes comparable to nR, and all nonlinear
energy scales have similar order of magnitude; in partic-
ular, the spontaneous scattering rate R|ψ|2, which de-
pletes the reservoir and influences the lifetime.
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FIG. 5. The development of the condensate instability for the small Gaussian spot at power P = 1.6Pth. The left panel (i)
shows the simulated evolution of the condensate and reservoir particle number, with the condensate lifetime τC defined as the
FWHM duration of the condensate emission. Panel (ii) with frames (a)-(c) shows snapshots of density profiles at the three
chosen instants of time. The outgoing flow of polaritons is responsible for the creation of a single condensate. At high pumping,
the Bogoliubov instability breaks up the condensate, as shown in frames (b)-(c). (iii) Imaginary part of the frequency of the
unstable Bogoliubov branch calculated with (D2) at peak polariton density.
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FIG. 6. Comparison between the characteristic time scales
that are responsible for the development of the instability.
According to numerical simulations, polariton domains are
formed only when the Bogoliubov instability time τB becomes
comparable to the lifetime of the condensate emission τC,
which is determined as in Fig. 5. At lower density, a single
symmetric condensate is created. Averaged over 5 realiza-
tions.
V. RELEVANCE TO INORGANIC
CONDENSATES
The vast majority of exciton-polariton condensates are
realized in inorganic semiconductors, where properties
are slightly different from the organic case considered
here. Nevertheless, the parameters of inorganic samples
also place them in the unstable regime. In particular,
independent measurements [43] as well as modeling of
dynamics [44–46] indicate a reservoir lifetime in the hun-
dreds of picoseconds, which suggests that it should not be
treated adiabatically. In several experiments, however,
the ”bottleneck” region plays the role of the reservoir and
the relaxation kinetics may need to be considered. In con-
trast, organic microcavities have short enough polariton
lifetimes that single-step relaxation processes from the
reservoir can be considered to be dominant. Meanwhile,
instabilities in inorganic condensates may be present in
some systems, but obscured because of the absence of
single-shot measurements. The difficulty in performing
such measurements is mostly due to the lower polariton
densities typical of inorganic microcavities. In our sam-
ples, averaging over tens of pulses already washes out
clear signatures of the domain formation. An alternative
to single-shot experiments is the measurement of spatial
correlation functions in which the signatures of domains
can persist. Indeed, this is observed in the microcavity
considered here as a reduction in the first-order spatial
coherence [37].
VI. CONCLUSIONS
In conclusion, we have demonstrated for the first time
the reservoir-mediated instability of a non-equilibrium
exciton-polariton condensate. Excellent agreement be-
tween the experiment and theory suggests that models
with reservoir treated as a separate degree of freedom
should be used to describe these systems. Under pulsed
excitation, we find that various timescales determine that
stability limit, including the finite condensate duration,
the reservoir-induced instability and particle currents due
to repulsive exciton-polariton interactions.
6FIG. 7. Examples of single-shot luminescence patterns from
experiments (a), numerical simulations in the unstable regime
(b), and numerical simulations in the stable regime, where the
polariton domains are created by disorder (c). The size of the
pump corresponds to the “Large” spot, and other parameters
are as in Figure 2.
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Appendix A: Methods
The sample fabrication was previously described in
Ref. [22]. Samples were fabricated on quartz substrates
and excitation and detection were performed in a trans-
mission geometry. The pulsed excitation was provided by
an optical parametric amplifier (Orpheus, Light Conver-
sion) pumped by an Yb:KGW amplifier operating at 100
Hz (PHAROS, Light Conversion). The slow repetition
rate allowed sufficient time for the CCD camera (Thor-
labs BC106-VIS) to capture each frame within the read
time.
Simulations of the condensate dynamics were per-
formed using a fourth-order Runge Kutta algorithm with
absorbing boundary conditions.
Appendix B: Randomness of single-shot density
patterns and the role of disorder
In Figure 7 we show examples of single-shot lumines-
cence patterns, averaged over duration of emission after
a single pulse excitation. The experimental results (a)
are compared with numerical results in two cases: the
unstable regime of parameters, as in Fig. 2, and stable
regime with the addition of a disorder V (r) (b). The
stable regime was obtained here by the reduction of the
pump power, as in Fig. 6. The disorder amplitude was
chosen to be large enough so that its presence can induce
the creation of polariton domains similar as in the exper-
iment, and its correlation length was tuned to the typical
domain size.
Clearly, the disorder-induced domains in the stable
regime (c) are placed in the same positions from shot
to shot, while both in experiments and simulations (b)
their placement is random. This effect leads to the ob-
served smearing out of the domain patterns when aver-
aging over multiple shots. This is in contrast to pre-
vious works, where polariton domains were observed in
luminescence averaged over a long time or multiple shots
(eg. [5, 47, 48]), pointing out that their position was fixed
by local disorder fluctuations.
Appendix C: Adiabaticity conditions
As demonstrated in [36], the correspondence between
the ODGPE and CGLE or SGPE models holds in the
continuous pumping case when several conditions are ful-
filled simultaneously. The first condition is that the fluc-
tuations around the steady state are small, and the other
are given by the formulas
k2 ≪ 2m∗/(~τR) (C1)
where τR = (γR + R|ψ(r, t)|
2)−1 and k is the maximum
momentum that is relevant for the dynamics, and
Pth
P
≫
gC −R
gC
, (C2)
P
Pth
≫
gR
R
γC
γR
. (C3)
Appendix D: Pulsed Bogoliubov spectrum and the
role of polariton-polariton interactions
Instead of examining stability about a steady-state,
we consider small fluctuations around the homogeneous
state with a polariton and reservoir density evolving in
7time
ψ = ψ0e
−
iµt
~
+
βCt
2
(
1+ (D1)
+
∑
k
[
uke
−i(ωkt−kr) + v∗
k
ei(ω
∗
k
t−kr)
])
,
nR = n
0
Re
βRt
(
1 +
∑
k
[
wke
−i(ωkt−kr) + c.c.
])
,
where ωk is the frequency of the mode with the wavenum-
ber k, and uk, vk, wk are small fluctuations. In the above
βC,R are condensate and reservoir density growth or de-
cay rates, that need to be taken into account in the case
of pulsed excitation.
Consider a condensate and reservoir that are approxi-
mately spatially homogeneous (as in the standard Bogoli-
ubov method) but with the average densities increasing
or decreasing in time due to imbalance in loss and gain.
Small spatial fluctuations on top of this state may grow or
decay independently of the growth or decay of the aver-
age condensate or reservoir density. For example, while
the average condensate density grows from t1 to t2 by
10%, the fluctuations of the wavefunction in space may
grow from 1% of the average amplitude at t1 to 2% of av-
erage amplitude at t2, i.e. the condensate wavefunction
may become more “rough”. When t1 and t2 differ by
an infinitesimally small amount dt, we can calculate the
instantaneous growth rate of these fluctuations analyti-
cally. In practice, we can calculate the complex frequency
of these fluctuations.
The growth rates calculated in this way are time-
dependent, since the state of the condensate and reservoir
change in time. After long time of evolution, growth (or
decay) of a fluctuation will be given by its instantaneous
growth rate integrated over time. We note that we treat
the condensate and reservoir (both the homogeneous base
states and fluctuations around them) as separate degrees
of freedom, therefore the calculation is not limited to
the adiabatic approximation. The resulting fluctuation
eigenmodes are appropriate combinations of condensate
and reservoir fluctuations.
The excitation spectrum is described by the eigenvalue
problem LkUk = ~ωkUk, where Uk = (uk, vk, wk)
T and
Lk =

 gCnp + ǫk gCnp
(
i~
2 R
2D + gR
)
n0R
−gCnp −gCnp − ǫk
(
i~
2 R
2D − gR
)
n0R
−i~R2Dnp −i~R
2Dnp −i~(P/n
0
R + kbn
0
R)


(D2)
and ǫk = ~
2k2/2m∗, np = |ψ0|
2, µ = npgC + gRn
0
R,
βC = R
2Dn0R − γC , βR = P/n
0
R − npR
2D − γR. In the
special case of a stationary state under CW (continuous
wave) pumping the above matrix is equivalent to the one
considered before [30].
In the pulsed case, we have P = 0 after the arrival of
the pulse, and consequently βR < 0, i.e. the decay of the
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FIG. 8. Bogoliubov spectrum with and without polariton-
polariton interaction term, gC . Parameters correspond to the
small Gaussian pumping spot at power P = 2.0Pth.
reservoir density. It is easy to see that the matrix (D2)
has then a qualitatively different form, and the calculated
spectrum differs substantially from the CW case.
The Bogoliubov instability time τB is calculated from
the Bogoliubov spectrum taking the polariton density
equal to half of the maximum density (corresponding to
the spatial average with a Gaussian shape of the conden-
sate) times one-half due to the temporal dependence of
the density as in Fig. 5. For consistency, the condensate
lifetime is taken as the full width at half maximum of
the temporal dependence of the density. The instability
time scale is estimated as tB = 2.5/maxk(Imωk), where
we assume that initial density fluctuations on the level of
8% of the maximum density can develop into domains.
These fluctuations are not mainly seeded by the Wigner
noise, which are rather small, but by the inhomogeneous
shape of the reservoir. The value of 8% fluctuation is
consistent with the spatial variation of the initial reser-
voir density on the area where the condensate is typically
formed.
We emphasize that the flow of polaritons explains the
formation of a single domain from initial noise at low
pumping powers, as follows from analysis of numerical
simulations. This process is a linear effect, independent
of the density, so it is not limited by the lifetime of the
high-density condensate, but by the time of the formation
of the condensate. For this reason it dominates at low
pumping powers.
The role of polariton-polariton interactions can be es-
timated by artificially turning off the gC interaction term
in the Gross-Pitaevskii equation. We find that this term
has little influence on both the Bogoliubov spectrum and
the dynamics of the condensate, see Figure 8. The in-
stability is only slightly stronger without the polariton
interaction term. Therefore, we conclude that the in-
stability is solely due to the polariton-reservoir repulsive
interaction gR.
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